Introduction
Intensification of agriculture, primarily turned to receiving the ecologically save agricultural produce and improve the environmental sustainability of agroecosystems. This problem is rationaly to solve by increasing the adaptive capacity of plants to abiotic and biotic stress. For maximizing the plants productivity can be used the search for producers of biologically active substances with expressed stimulative of plants growing and antistress properties. The fundamental investigation of the bacteria Bacillus thuringiensis properties is promising in this regard.
It is known that the biopreparations based on these bacteria are safe to agrobiocenoses components. It can be applied at any stage of vegetation, on vegetative and generative organs of the plants. The safety of this bioinsecticides to warm-blooded animals, men, entomophagous, and its ability to destroy in vivo quickly (within 3-4 weeks) was established due to a wide range of studies (Elliott et al., 1988; Green et al. 1990; Kandybin 1989) . The thermolabile proteinic δ-endotoxin is evoking a special interest, among the toxins produced by Bacillus thuringiensis strains of all serotypes. The δ-endotoxin has a fungicidal activity (Yudina et al., 2011) , which affects the rates of growth and development of individual crops. Analysis of the literature showed us that the treatment of juvenile plants of cucumber and bean with the δ-endotoxin had a positive effect on seed germination, intensity of shoot growth and increase chlorophyll content of seedlings Terekhin et al., 2008) . But investigations on this subject are presented by completely isolated publications and results of foreign authors. However, this problem is actual, that's why it highly needs in the detailed study. The research is concerned with studying the possible effect of plants growth activity of entomopathogenic B. thuringiensis strains on the pea plants.
Materials and Methods
Research work was accomplished at the Microorganisms physiology and ecology laboratory Agricultural Microbiology Department of The State budget institution of Republic Crimea "Research Institute for Agriculture of Crimea". The entomopathogenic strains of B. thuringiensis 787 and 0293 from the collection of useful soil microorganisms for improve the crop yields was used as a material for research. The strains were isolated from the natural populations of insects in the Microorganisms physiology and ecology laboratory Agricultural Microbiology Department of The State budget institution of Republic Crimea "Research Institute for Agriculture of Crimea". According to it's physiological and biochemical properties, the B. thuringiensis strain 787 belongs to 22 serotype (var. shandongiensis), and B. thuringiensis strain 0293 -to 3 serotype (var. kurstaki). The action of the studied strains was compared with the effect of strain B. thuringiensis Z-52 (var. kurstaki). The plants growing action for this referent strain is available for plants of bean and cucumber . The distilled water was used as a control. The investigations were carried out in a laboratory experiment.
The spore culture of B.thuringiensis strains was obtained on potato agar by culturing it in an incubator at 27-28 ºC for 7 days.
All studies were carried out on the pea Oplot variety. Pea seeds surface sterilized by the 0,5 % solution of KMnO 4 (15 min) followed by repeated washing with sterile distilled water. The test samples laid out in Petri dishes on sterile moistened by water (control) or on B. thuringiensis strains spore culture (experiment) to 60% of moisture capacity sand and kept at 5ºC for 4 days. The B. thuringiensis strains spore culture was with a titer of 3,5 billion/ml from a slant agar in calculation of 100 ml of flushing mixture to 1 L of water.
Germinate vigor was evaluated in 6 th day of growing and germination -in 8 day of growing (GOST 123038-84). Morphometric parameters (root and shoot length and weight) were examinated by standard methods (Duka et al., 2003) . For determination the amylase activity in 8 days old seedlings the 1 gram of pea plants leaves are grinded in a mortar with 10 ml of 1% NaCl (Avksentyeva et al., 2006) . Then it were maintained at room temperature for 30 minutes, stirring occasionally. Later the mixture was filtered through a filter paper. The filtrate was used as an enzyme preparation. Four test tubes (2 experimental and 2 control) was taken to determine the activity of amylases. It was poured with 3 ml of acetate buffer and 3 ml of a 2% solution of starch. The mixture was heated to 40 °C. Then experimental test tubes were added with 1 ml of the enzyme extract, and the control test tubes -with the same amount of water. The test tubes are stirred for 30 minutes and put in a thermostat at 40 °C. After incubation, each test tube topped up with the 2 ml of 1N HCl to inactivate enzymes. To determine the starch not cleaved by the enzyme, the reaction with iodine was carried out. For this the volumetric flasks 50 ml poured approximately with 30 ml of water, 1 ml of 0,1N HC1, drops of 0,3% solution of iodine in 3% solution of potassium iodide and 0,5 ml of the incubation mixture. The content of the flasks was mixed well. Then the flasks were adjusted to the mark with water.
Photometry was made on the red filter in a cuvette of 10 mm thickness against distilled water. The total activity of amylases calculated by the formula:
, where A -amylase activity, mg of starch / g of wet weight per hour; Dk -optical density of the control solution; De -optical density of the test solution; a -the amount of introduced starch; n -weighed portion of plant material, mg; Vthe volume of the enzyme extracts, mg; Vi -the volume of extracts taken for incubation, ml.
The suction force of leaves, intensity of transpiration and chlorophyll content in leaves was determined on sprouts phase (35-day age). The plants were growing up in a water culture as follows. Pea seeds surface sterilized as it was described above. The test samples laid out in Petri dishes on sterile moistened to 60% of moisture capacity sand and kept at 5ºC for 4 days. Next it was placed in an incubator at 20ºC for 6 days. These sprouts, which were the same for the length of the root and the stem introduced into the water culture in nutrient Tsyntsadze mixture at pH 5,5-6,6 (NH 4 NO 3 -0,20; MgSO 4 -0,50; KCl -0,36; KNO 3 -0,51; Fe 2 (SO 4 ) 3 -0,32; Ca 3 (PO 4 ) 2 -5,00 (g/l)) enriched with 1 ml of BrownerBukach solution (MnCl 2 -350; H 3 BO 3 -500; ZnSO 4 ·7H 2 O -50; CuSO 4 ·5H 2 O -50; Al 2 (SO 4 ) 3 ·18H 2 O -50; NiSO 4 ·7H 2 O -50; Co(NO 3 ) 2 -50; TiO 2 -50; LiCl -25; KBr -25; KI -25 SnCl 2 ·2H 2 O -25 (mg/l)) (Mineev, 2001) . Aeration of the water culture was carried out by the compressor (15 min./day) (Mineev, 2001) . The vegetation pots (1L) was added by the spore culture with a titer of 3,5 billion/ml from a slant agar in calculation of 100 ml of flushing mixture to 1 L of nutrient Tsyntsadze mixture. The plants were grown for 14 days in these conditions. Later it was replaced with a fresh Tsintsadze mixture. The plants, in which instead of the bacterial culture, the equivalent valume of water had added in the Tsintsadze mixture, were used as a control.
Determination of transpiration intensity was performed by using the torsion scales (by L. A. Ivanov's method) (Duka et al., 2003) . Decline of the leaves mass between the first and second weighing showed the number of evaporated water. The amount of evaporated water was expressed in g/gm 2 /hour. Measurements of the cells suction force were performed by V.S. Shardakov's method (Duka et al., 2003) . The sucrose solutions in the concentration of 0,7; 0,6; 0,5; 0,4; 0,3; 0,2; 0,1 mol/L were prepared in 10 ml test tubes. 1 ml of this solution was taken from each tube and was put into the small tubes of 60 mm in length. The disks were carved from the leaves with the sharp mirror drill. 3 discs were placed in each small tube. The tubes were closed with stoppers. After 30-40 minutes the discs were extracted from the small test tubes. The solution in the small test tubes was colored with methylene blue crystals. Than this solution was taken with a Pasteur pipette and gently released in the solution of similar concentration in a large test tube. According to the drift of flow streams we can make a conclusion about suction force. In a case of equal concentration of the external solution and the cell sap, the released trickle will remain in place in the form of a cloud.
The amount of suction force is calculated according to the formula.
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, where S -suction force, Pa; R -universal gas constant; T -absolute temperature equal 273ºC + t °C (room) ; Cisotonic concentration, mol; i -isotonic factor (for sucrose i=1); 9,87 -conversion factor to convert the units in Pa. Chlorophyll a+b content in leaves were measured at a wavelength of 665 and 649 nm (chlorophyll a and b), in total ethanol extract by the spectrophotometer UV-2000. Pigment concentration was calculated according to formula of Wintermans and De Mots, (1955) to 96% ethanol. Results of chlorophyll determination were determined in mg/g of wet weight of leaf (Gavrylenko et al., 1975) .
The reliability of the difference between control and experimental variants was assessed using the Student's t test.
Results and Discussion
The germinate vigor of pea seeds witch was processing with the spore cultures of B. thuringiensis strains 787, 926 and 0293, ranged from 80,0 to 95,0% (Table. 1). The highest germinate vigor was observed when using the culture of strain B. thuringiensis 0293. This indicator was 95,0%, which is on 11,7% higher than in the control one and on 22,58% greater than when processing was done with the reference strain culture B. thuringiensis Z-52.
The study of the effect of B. thuringiensis strains on the pea seed germination revealed that seed treatment contributes to its increase in all variants of the experiment. As is the case with the germinate vigor, the treatment with the culture of strain B. thuringiensis 0293 influenced a most positive effect on the germination. The increase of germination was 15,62% (compared to the control), and 2,70% (compared to the reference strain Z-52). The culture of strain B. thuringiensis 787 contributed to the increasing of seeds germination for 18,75% to control and its influence was similarly affected to the strain B. thuringiensis Z-52. Processing of pea seeds by the strain B. thuringiensis 926 essentially had no effect on the germination. Studying the biomorphometric indicators it was identified, that the strain B. thuringiensis 787 increases the length and weight of the seedling root at 24,26% and 7,90% relative to the control and at 33,17% and 18,08% compared with reference strain B. thuringiensis Z-52 (Table. 2). At the same time, the strains B. thuringiensis 0293 and B. thuringiensis 926 did not show the significant effect on the studied subject.
Furthermore, a study found that treatment with B. thuringiensis strains 0293 and 926 reduces shoot length of 37.3% and 34.5%, respectively, to the control. In embodiments of the strain 787 significant changes pea shoot length were observed. It is known that the process of seed germination and early stages of seedling formation -are the important stages of plant life. Their optimal passage in many cases determined by the using the reserve biopolymers, which provides further favorable development and yield formation. In germinating seeds of peas contains amylase with a high activity.
The main role of this enzyme lies in the fact that due to it's participation, the starch converted from untransportable form into transportable form and sent to the point of plants growth (Beers and Duke, 1990) . Assuming that an increasing of amylolytic activity may indicate a growth promoting properties of that or another B. thuringiensis strain, we investigated the effect of test strains on the total activity of amylases in pea seedlings ( Figure. 1) .
It has been established that strain B. thuringiensis 787 increases the amylase activity in pea seedlings in 1,6 times higher than under the reference strain Z-52, and in 2,17 times more than in the control. The 926 strain culture showed the maximum effect on the activity of amylases. The experimentally determined increasing of amylolytic activity in pea seedlings were in 2,1 times higher than under the reference strain B. thuringiensis Z-52, and in 2,74 times higher compared with the control. The strain 0293 culture didn't affect significantly on the studied parameters. Thus, it was found that the culture of B. thuringiensis 787 strain has an actively stimulating effect on the biomorphometric indicators of pea. This stimulating effect is significantly exceeded the effect of the reference strain B. thuringiensis Z-52. Amylase activity in pea seedlings treated by the B. thuringiensis 787 and 926 strains cultures were higher than the control, and significantly higher than the reference strain Z-52.
Next research was carried on in the pea plants (35-days old). This plants was growing up in water culture on the nutrient Tsyntsadze mixture.
It was investigated the influence of B. thuringiensis 787 and 0293 strains culture on a main indicators of water regime, which depends on the activity of physiological processes of pea plants -transpiration intensity and sucking force of cells. In the variant with the addition in the nutrient Tsyntsadze mixture the culture of 787 strain, was showed that this strain affects on transpiration intensity at the level of the reference strain Z-52 ( Figure. 2). Relative to the control, the studied parameter was increased by 32,3%. In the variant with addition of 0293 strain culture on the contrary was observed decreasing of transpiration intensity as compared not only with the reference strain (44,4%) but also the control (21,7%). The suction force of all the root hairs creates the pressure by which water enters the vessel and rises upwards. Promotion of water and salts dissolved in it contributes to sucking force of root hairs, root pressure, strength of adhesion between water molecules and the walls of vessels, as well as the suction force of leaves, which continuously evaporated water, drawing it from the roots.
During our research, it was found that in the variant with the addition to nutritient mixture the 787 strain cultures, compared with the addition of a reference Z-52 strain culture, the suction force decreased by 42,1%. Compared with the control it decreased by 66,6% ( Figure. 3) . By using the 0293 strain cultures it was noted a decrease of this index by 47,3% compared to Z-52 strain culture and by 69,6%, relative to control.
Chlorophyll content -is the basic rate of photosynthesis both of the primary level of complex and branched sequence of metabolism reactions, which provides the final stage of growth and development of plants. It is known, that B. thuringiensis (δ-endotoxin first of all) may cause effects on this indicator, increasing the chlorophyll content in the leaves of bean and cucumber Terekhin et al., 2008) Comparing with the reference Z-52 strain, the content of green pigments was increased by 13,4%. Comparing with the control -by 55,1%. By the action of 0293 strain culture, increasing in chlorophyll was less find. Compared with the Z-52 strain it was 5,9%, and compared with the control -28,5%.
Conclusions
Thus, it was found, that according to such indicators as biomorphometry and amylolitic activity of seedlings, intensity of transpiration, sucking force of cells and chlorophyll content the bacteria of strain B. thuringiensis 787 have the growing activity in pea plants. Taking these facts and the entomopathogenic properties into account, we can make a conclusion, that this bacterium is more promising for use in agricultural production.
